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Abstract 
Sodalite was prepared by Alkali fusion-desilication-hydrothermal method using fly ash as raw material and characterized by X 
ray diffraction and scanning electron microscope. In addition, the adsorption characteristics of Pb2+on the sodalite under different 
conditions were investigatedand the adsorption mechanism was studied by IRspectrum analysis. The results showed thatthe 
sodalitewith high crystallinity was prepared at the basicity of 2mol/L,crystallization time of 12 hours, and crystallization 
temperature of 90ć; The adsorption performance of sodalitehad significantly improved than the original fly ash, andit could 
effectively remove the Pb2+ with considerably lower dosage; When initial concentration was 100 mg/L and the dosage was 2g/L, 
the removal rate could exceed 99%˗The improvement of the initial concentration were in favor of the increase of theadsorption 
capacity,but we should regulate the relationship between adsorptioncapacity and adsorption rateby adjusting the ratio of solid to 
liquid; The adsorption capacity was increased with the increase of temperature and pH; Increasing ionic strength would inhibit 
the adsorption behavior;The maximum adsorption capacity of 157.2 mg/g was obtained by the Langmuir equation. Through 
infrared analysis, it can be inferred that the adsorption ofsyntheticsodalite is a physical adsorption. Now, research shows that 
thesodalite from fly ash has a remarkable removal effect on Pb2+. So, it can be used as an effective adsorbent for heavy metal 
disposal. 
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1. Introduction 
As one of themost important heavy metal mining area[1], the rich of heavy metal resources providing China's 
economic construction and social development with a stable material support. However, the technology, 
management and other issuesexist in the process of heavy metal mining exploitation, have cuased great harms to 
human and ecological environment.Lead is widely used in industrial production and daily chemical industry, Until 
2010, China's annual output of lead has reached 3,772,900 tons[2].Thus, lead pollution has becoming increasingly 
serious.In early April 2011, China has proposed the Twelfth Five-Year Plan[3] - "Integrated Control of heavy metal 
pollution".Five primary metals were controled by the plan, lead included. 
The main methodstolead-contaminated waste water is chemical precipitation, electrochemistry, adsorption, 
biological method and so on[4-8]. The adsorption method is widely used due to it has high removal efficiency, 
performance stability and so on. Sodalite as a kind ofzeolite molecular sieve[9-10], which has huge surface area, 
homogeneous porous, alkali resistant, hydrothermal stability and so onˈcan be used as adsorbents, catalysts and 
other functional materials.Because of the high cost of natural sodalite, there are few reports on the treatment of 
waste water withsodalite. 
Coal fly ash (CFA) is an important by-product of coal combustionin the power plant[11].The treatment of fly ash 
has become an economic and environmental issues.There are several ways to make full use of CFA,for example as a 
raw material substitute in the cementproduction. As the major component of CFA is amorphousaluminosilicate, the 
synthesis of zeolite onto CFA is a viable way. Holler[12] has prepared zeolite with fly ash as raw material by 
hydrothermal method, Scholars has received at least 15 or more kinds of synthetic zeolite through continuous 
improvement and innovation of experimental conditions and methods.As we can seen, Fly ash for the synthesis of 
sodalitehas a theoretical basis. 
In this study,we have proposed the desilication process on the basis of conventional synthetic methods.The 
high purity sodalite was prepared with no external source of aluminum.Static adsorption experiments were 
introduced to investigate the sorption behaviour of synthetic sodalite.The experiment mainly explores the influence 
of several factors (Adsorption time, pH, initial concentration, temperature, and ionic strengthet al.)on the adsorption 
properties of the synthetic sodalite. And then,the maximum adsorption capacity can be calculated from the 
Langmuir isotherm model.By studying the adsorption characteristics of Pb2+ on synthetic sodalite, we can evaluate 
the feasibility of the sodalite as the adsorption material of lead pollution. 
2. Materials and methods 
2.1 Materials 
Raw materials used in this experiment is a power plant fly ash in Mianyang, the main components are SiO2, A12O3, 
CaO,Fe2O3 (approximately90%). The chemical composition of CFA wasdetermined by a Rigaku X-ray 
fluorescencespectrometer (XRF) and is listed in Table 1. 
Table 1ˊChemical composition of original CFA samples analyzed by XRF 
chemical composition %wt chemical composition %wt 
SiO2 44.696 TiO2 2.050 
Al2O3 18.358 MgO 1.115 
Fe2O3 15.638 Na2O 0.341 
CaO 11.004 Cl 0.250 
K2O 3.239   
2.2 Synthesis processes 
The process flow chart of the preparation of sodalite from the fly ash is shown in Figure 1ˈand the specific 
implementation steps as follows:  
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Fig.1 Process flow diagram for zeolite synthesized from CFA. 
(1) In this experiment,The amount of iron containing is too much (more than 15%), which has a great influence on 
the synthesis of sodalite. therefore, we need to use the magnetic method to remove iron from the fly ash.200 
mesh sieve was used to screen the fly ash, then, three magnetic separation is carried out toextract iron, and the 
strength of the magnetic field is 700kA/m.After treatment, the fly ash is used for the following experiments. 
(2) In order to improve the reaction activity of fly ash, fly ash was treated by alkali- activated. Firstly, weighinga 
certain proportionof fly ash and sodium carbonate (Fluxing agent) mixed in muffle roasterand calcined at 800ć
for2hours.Secondly, it was cooledandgroundedto passing through 200 mesh sieve. Followed, mixedwith some 
water in a certain proportion and stirredat speed of 400r/minwith temperature of 90ć (desilication 
process).Then, We can get desilicationproduct and desilication filtrate by filtration, respectively. After testing, 
we found that the mainlycomponent of the filtrate was sodium silicate which used as the raw material to prepare 
other SiO2 products.On the other hand, the desilicationproduct is the raw material for the synthesis of sodalite. 
Interestingly, Molar ratio of Si/Al in the desilication product is1:1, which is the ideal proportion synthetic of 
sodalite. The desilicationproduct was transferred to a borosilicateglass reactor (Schott,250mL), intense mixing 
(30 min at 25ć)and immediately heated at100ć for 12 h. Finally,Theproduct was separated by filtration 
andwashed several times withdeionized water to remove excess sodium and lower the alkalinecontent,then 
dried (100ćfor 2 h) and stored in a desiccators. 
2.3 Characterization 
X-ray diffraction (XRD) analysis: Powder X-ray diffraction patterns of samples were measured using Cu Kα 
radiation by Schimadzo X-Ray Diffractometer. Samples were scanned for 2θ ranging from 3° to 80°. Fourier 
transformed infrared (FT-IR) spectrometry: Approximately 15 mg of the sample plus 1.0 g of KBr were weighted 
out, milled and grounded in a mortar. The resulting mixture was then pressed at 5 ton/cm2 into a pellet. IR spectra of 
the samples were recorded on a FT-IR spectrometer, in the range between 350 and 4400 cm-1.Scanning electron 
microscopy (SEM): The morphological structure of the raw CFA and thepreparedzeolitic materialwas obtained by 
using scanning electron.Samples were mounted on suitable substrates usinga conductive glue and were then coated 
with a thin layer of gold. 
2.4 Batch experiments 
All adsorption experiments were carried at desired temperature and time by batch-type in 100 mL of solution in 
a shaking incubator.Lead solutions was prepared by the Lead nitrate (Pb(NO3)2, FW: 331.21) and the concentration 
of solution was varied from 10 to 400 mg/L.The initial pH of lead solution was controlled by NaOH and HCl.In the 
experiment, 100 mL Lead solution was put in 250mLvolumetric flask.At the same time, adding the right amount of 
synthetic sodalite. When adsorption process for Lead was approached to equilibrium state the solution was filtered 
by 0.45μm syringe needle. Eachadsorptionexperiment was carried out several times and the averagevalue is 
presented. Finally, the concentration of Lead ion in supernatant was analyzed by Atomic Absorption 
Spectroscopy.The removal efficiency and adsorptioncapacity of synthetic sodalite for Lead ions were calculated by 
(1) and (2) equations, respectively. 
R=(C0-Ce)/C0×100% (1) 
qe=(C0-Ce)×V/W  (2) 
where R is the removal efficiency of Lead ions (%),qeisthe adsorption capacity of Lead ions (mg/g), C0is the 
initialconcentration of Lead ions (mg/L), Ce is the final concentration of Lead ions (mg/L), V is the initial 
solutionvolume (L), and W is the initial loadingof synthetic sodalite (g). 
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3. Results and discussion 
3.1 Characterization ofraw fly ash 
For the synthesis of sodalite from CFA, amorphousaluminosilicates is the available Si and Al source, which 
canalso be obtained by tansformed of mullite and quartz. From XRD (Fig. 2), we can foundthat mullite and quartz 
exists in the sample, as identifiedby the sharp peaks, while the presence of amorphous phaseswere identified by the 
presence of the broad diffraction peak(2θ=15̚35º)[13].The size of the broad diffraction peakcanexpressedthe 
content of amorphousphase in the fly ash. The SEM of the raw fly ash are shown in Fig. 3. Figure shows that the 
CFA isconsist of smooth and spherical particles interspersed with a small fractionof crystalline compounds which 
may correspond toquartz and mullite.The smooth and spherical particles formed by amorphous glass beads, and the 
results are agreement with the results of XRD analysis. 
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Fig.2XRD patterns of raw fly ash Fig.3SEMpicture of raw fly ash 
3.2 Characterization ofdesilication product andsynthetic sodalite 
The XRDpatterns of the molten product (Fig. 4) can be obtained that the main components of the molten 
product are sodium aluminosilicate (NaAlSiO4) and sodium silicate (Na2SiO3). According to literatures, sodium 
silicate is soluble in water and sodium aluminosilicate is insolublewhich can be soluble in alkali solution[14]. It is 
said that sodium silicate can be effectively separated by water soluble. That’s why we introduce the process of 
desilication process in the research.  
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 Fig.4 XRD pattern of molten product 
10 20 30 40 50 60 70
0
2000
4000
6000
8000
i
iiiii
ii
in
te
ns
ity
T
 NaAlSiO4
 
Fig.5 XRD pattern of desilicationproduct 
After desilication treatment, the main component of the desilication product is sodium aluminosilicate (Fig. 5). 
In the filtrate, theconcentration of silicon is 16.84g/L, while the concentration of Al is only 0.084g/L (TheSi andAl 
levels in the filtrate were determined by flame atomic absorptionspectroscopy).The aluminum is mainly in the form 
of sodium aluminosilicate in the desilication product and sodium aluminate in the desilication filtrate, but the 
content of aluminium is very rare in the filtrate. This shows that sodium silicate and sodium silicate were effectively 
separated. X-ray fluorescence spectrometershowed thatSiO2/Al2O3in the desilicationproduct is 2.18:1 and the ratio 
of Si / Al is close to 1:1, which is ideal for the synthesis of Si / Al ratio of sodalite[10]. Due to the difference of the 
solubility of sodium aluminosilicate and sodium silicate, Eventually, the distributionof aluminum in the 
desilicationproduct and desilicationfiltrate is different.A large number of aluminum is preserved in the 
desilicationproductand desilication filtrate is mainly sodium silicate, content of aluminiumis very low.In other words, 
sodium silicate and sodium silicate are not only have been effectively separatedbut also kept the aluminum down. 
We got the sodalitefrom the desilicationproduct underthecondition of 4.5 mol/Lsodiumhydroxide, the 
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crystallization time is 12h and the crystallization temperature is 100ć . Samples were tested with XRD and 
SEM,theresults are as follows (Fig. 6 and Fig. 7). 
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Fig.6 XRD pattern of syntheticsodalite     Fig.7 SEM picture of synthetic sodalite 
It was found that the amorphous peaks have been basically disappeared.At the same time,quartz and mullite 
could notbe detected by XRD Technology.Through the JCPDS card search, the test data is extremely consistent with 
the standard card of sodalite˄00-037-0196˅.Itcan alsobe obtained that the crystal degree of sodalite is highand 
only a small amount of the impurity. The SEM microphotograph (Fig. 5) reveals that the glass beads in the rawfly 
ash have completely disappeared.The new product formed with petal morphology and particle size is about 
1μmjudging from the cross-sectional view of SEM observation.Petal morphology would further increase the specific 
surface area of the sodalite, and then improved the affinity of sodalite to ion. 
3.3 Adsorption characteristics of syntheticsodalitefor lead ion 
3.3.1 Comparison of adsorption properties of syntheticsodalite andraw fly ash 
The adsorption properties of syntheticsodalite andraw fly ash were investigated on the condition thatthe 
concentration of 100mg/L, the temperature of25ćandthe pH of 4 (Fig. 8). In the figure,with the increase of the 
dosage, the adsorption rate of syntheticsodalite gradually increased.When the solid/liquid is 1g/L, the adsorption rate 
could reach 96%. Furthermore, the adsorption rate is more than 99%when the dosage is increased to 2g/L.In contrast, 
the adsorption rate of Pb2+ is only 50% under this dosage levelfor fly ash.The above discussion can reveal 
thatsyntheticsodalite has a very significant adsorption capacity of Pb2+ and effective removal of Pb2+ can be carried 
out at a very low dosage. 
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Fig. 8 Comparison of adsorption properties of syntheticsodalite andraw fly ash 
3.3.2 The influence of adsorption time 
Fi. 9 shows the relationship between the adsorption capacity of the syntheticsodalite and the reaction time. 
With the extension of adsorption time, the adsorption capacity of Pb2+ increased. The adsorption process of Pb2+ can 
be divided into two stages. The first stage is a fast reaction, which can be accomplished in 10min,Pb2+ was quickly 
absorbed by the syntheticsodalite. Correspondingly,the second stage is the slow reaction, with the time extension, 
the change of adsorption capacity is small, and the adsorption capacity is almost reached equilibrium at one hour. 
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Fig.9 Relationship between reaction time and the adsorption capacity 
under different initial concentration 
At the beginning of the reaction, adsorption sites were surrounded byPb2+, so that the adsorption reaction isfast. 
However, with the extension of time, the adsorption site is gradually reduced, and electrostatic repulsion is 
generated on the fly ash surface of Pb2+and other free ion. Above these reasons eventually led to the decrease of the 
adsorption rate. Even so, the reaction will continue to a period of time.The Lead ionswhich have been adsorbed can 
be adsorbed to the pore or sub surface of the adsorption site,the exposed adsorption sites allow more Pb2+ to be 
adsorbed. 
3.3.3 The influence of initial concentration 
Fig. 10 is the curve of the adsorption of Pb2+ with different initial concentrations on the condition of the 
temperature of 25ć, the pH of 4 and the dosage of synthetic sodalite was 1g/L. In the process of the experiment, 
with the increase of the initial concentration, the adsorption capacity of Pb2+ increased and the adsorption rate 
decreased gradually. When the initial concentration increased from 10mg/L to 400mg/L, the adsorption capacity 
increased from 8.6mg/g to 151.7mg/g. The result is that adsorption capacity increased by 18 times, while the 
adsorption rate decreased from 98.1% to 40%. 
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Fig.10 Relationship between initial concentration and theadsorption capacity˄adsorption rate˅ 
The data shows that the initial concentration of ion is an important factor to affect the adsorption characteristics 
of synthetic sodalite, and the increase of initial concentration is beneficial to the increase of the adsorption capacity. 
This is mainly because the concentration of Pb2+ increases the ion concentration gap around the adsorption site, 
which is beneficial to the contact of the adsorption sites with Pb2+ and increases the mass transfer function. However, 
The adsorption site of the sodalite is limited. When the initial concentration is increased, the adsorption site can be 
fully contacted with the Pb2+, but it can not increase the adsorption sites, and the remaining ions can not be adsorbed. 
Finally,the increase of the adsorption rate can be achieved by increasing the dosage of the adsorbent, thereforeˈthe 
appropriate dosage must take the adsorption capacity and the adsorption rate into account for improving the 
utilization efficiency of the adsorbent. 
3.3.4 The influence of temperature 
The effect of temperature on the adsorption capacity of the synthetic sodalitewas shown in Figure 11, the 
experimental conditions are pH of 4, the initial concentration of 100mg/L, and the dosage of synthetic sodalite 1g/L. 
As we can seen from the amplification curve,with the increase of temperature, the adsorption capacity has a slightly 
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increase. When the temperature was 25ć, the adsorption capacity was the lowest of 100.7mg/g, and the adsorption 
capacity was the highest of 112.1mg/g at 60ć.Overall, the temperature has little effect on adsorption capacity. 
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Fig.11 Relationship between temperature and the adsorption capacity 
3.3.5 The influence of pH 
In view of the influence of pH on the adsorption of Pb2+, the occurrence stateof Pb2+at different pH conditions 
must be considered. Under acidic conditions,Pb2+can maintain the presence of ionic form. When pH>6, Pb2+ was 
hydrolyzed to Pb(OH)2, which has the flocculation precipitation[15]. In order to remove the effect of chemical 
precipitation to the removal rate of Pb2+, the pH interval of this experiment is 1~6. In this condition, we can 
investigate the true adsorption capacity of synthetic sodalite. 
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Fig.12 Relationship between pH and the adsorption capacity 
The relationship between the pH and the adsorption capacity was shown in Figure 12. The data of the graph 
reveals that the effect of pH on the adsorption capacity is not significant. This phenomenon could be due to 
remarkable absorption effect of synthetic sodalite. But it can be obtained that the adsorption capacity of synthetic 
sodalite increased gradually with the increase of pH, which indicated thatincrease of pH is beneficial to the 
adsorption of Pb2+. When the pH is low, a large amount of H+ is gathered around the synthetic sodalite. H+ would 
form competitive adsorption with Pb2+ and reduce the adsorption ofPb2+site, resulting in the decrease of the 
adsorption capacity. With the rise of pH, the mechanism of competition will be greatly reduced. 
3.3.6 The influence of ionic strength 
Generally,The influence of ionic strengthon the adsorption is mainly in the followingways[16]: (1) competing 
the adsorption sites with metalions; (2)changing the structure of double electrode layer of synthetic sodalite, 
whichmay be reflected by variation of zeta potential; (3) reducing the radiusof hydrated ions. The relationship 
between ionic strength and Zeta potential is shown in Figure 13. It can be obtained that the zero charge point of 
zeolite is pH = 5,and the potential difference between the potential difference between the solid and liquidis zero. 
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Fig.13 Relationship between ionic strength and the potential 
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 Fig.14 Relationship between ionic strength under and the 
adsorption capacity 
Firstly,with the adding of Ca2+, itwould form competitive adsorption with Pb2+ and reduce the adsorption of 
Pb2+site, the final result is the decrease of the adsorption capacity. The secondly, When pH>5, the surface of the 
adsorbent is negatively charged. According to the model of the electric double layer on the surface of the 
adsorbent[17], the electric double layer of the adsorbent surface becomes thinner with the increase of ionic strength. 
The adsorption site is surrounded by Ca2+,the charge of the adsorption site is partially neutralized, which weakens 
the electrostatic interaction between the adsorption sites and the adsorption sites. Obviously, This condition is 
harmful to the adsorption. When pH<5, the situation is just the opposite. The surface of the adsorbent is positively 
charged, andthe increase of the ionic strength would be favorable for the adsorption. At the same time, the hydration 
radius of Pb2+ decreases with the increase of ionic strength. Apparently, the increase of ionic strength is beneficial to 
the adsorption.  
Fig. 14 describes the relationship between the ionic strength and the adsorption capacity. with the increase of 
ionic strength, the adsorption capacity of synthetic sodalite decreases gradually. Refer to the above three ways, the 
first waygive the impact of the largest to the adsorption behavior of synthetic sodalite. The hydration radius of Ca2+ 
(4.12Å) is almost the same as Pb2+ (4.01Å). Therefore,strong competitive adsorption occurs between them. The final 
result isthat the adsorption capacity of synthetic sodalite decreases with the increase of ionic strength. 
3.3.7Adsorption isotherm 
The fitting results of the adsorption curve of synthetic sodalitewere shown in Fig.15 and Fig.16. The condition 
is that the temperature of 25ćand the concentration is from 10 mg/Lto 400mg/L. 
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Adsorption isothermal is as follows[18]: 
Ce/qe=Ce/qm+1/qmb                  (3) 
Lnqe=lnKf+1/nlnCe  (4) 
RL=1/(1+C0b)is another useful equation. RL is the separation factor,which reflects the adsorption type; qm is the 
maximum adsorption capacity (mg/g); qe and Ce are consistent with the previous;the rest is constant and is related to 
the adsorption. 
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The adsorption equilibrium data obtained from this experiment are fitted with the isothermal formula, and the 
results are shown in Table 2. 
Table 2ˊThe fitting results of isothermal adsorption equation 
isothermal parameter 
Langmuir 
qm / mg·g-1
 
b/L·mg-1 RL R2 
157.2327 0.2157 0.0120 0.9975 
Freundlich  1/n Kf /mg·g-1    R2 
 Low concentration 0.8161 36.0837 0.9981 
 High concentration 0.1421 71.2575 0.9885 
The fitting results show that the adsorption process can be well fitted by the Langmuir and Freundlich 
equations. The Langmuir equation is based on the single molecular layer adsorption model, the theoretical 
maximum adsorption capacity can be obtained by model fitting. The maximum adsorption capacity of the synthetic 
sodalite in this study was 157.2mg/g. This value is much higher than the maximum adsorption capacity(116mg/g)of 
the six-partymesoporous molecular sieve (SBA-15) prepared by the template agent in the alkali fusion hydrothermal 
process by Sun Xiuyun[11]. 
The Freundlich equation is based on the adsorption equilibrium model of the adsorption on the 
multiphasesurface of the adsorbent, which is suitable for describing the adsorption process. But the model is not 
ideal for the high and low concentration of the fitting. Fitting the whole data, The fitting coefficient (R2) was only 
0.81(Figure 16). On the contrary, The model can be used to describe the high and low concentrationˈ
respectively(low concentration, the fitting coefficient R2 is 0.9981, high concentration, the fitting coefficient R2 is 
0.9885). At the same time, we can Investigate the mechanism of adsorption process by comparing the model 
parameters. For example, 1/n can be used to quantitatively describe the effect of the surface of the adsorbent. When 
located in the low concentration region, there is not enough Pb2+ to occupy all high active sites. The result is that the 
adsorption rate is fast and the 1/n value is higher (0.82). On the other hand, When located in the high concentration 
region, Pb2+ was the first to occupyhigh active sites of the surface and the remaining Pb2+ can only be adsorbed on 
the relatively low active site ofthe surface. The overall results showed that the 1/n value was small (0.14). In 
addition, the size of Kf reflects the adsorption capacity of the adsorbent to some extent. The data in the table indicate 
that the adsorption capacity of high concentrationis stronger, and the result is in agreement with the actual situation. 
3.4 The infrared analysis 
FT-IRwas used to investigate the functional groups of synthetic sodalite and the result was shown in Fig. 17. 
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Fig.17 FT-IR spectrum of synthetic sodalite 
For the zeolite molecular sieve system, the frequency of the infrared spectrum is less than that of the 
1250cm.The characteristicpeak appeared at a frequency level of 3400 cm−1indicates O H stretching in silanol(Si-OH) 
groups and the peakshown at 1600 cm−1is thought to be H-OH bonding of watermolecule in silica[19].The peak 
shown at<550cm−1displays bending vibration between Al-O-Si and Si-O-Si.In addition, 
thecharacteristicpeakemerged at the770 and 580 cm−1means deforming for Si-O bonding. it was obtained that the 
functional groups of thesynthetic sodalite are mainlycomposed of Si-OH andAl-OH.The infrared spectra of the 
adsorption (before and after adsorption) were compared.It can be found that the infrared spectra have not changed 
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significantly.Change of functional groups was not happened dueto the physical adsorption for adsorption mechanism 
of synthetic sodalite. 
4. Conclusions 
(1) Desilication processwas proposed basis on conventional synthetic methods.High purity sodalitewas synthesised 
with no external source of aluminum. We got the sodalitefrom the 
desilicationproductontheconditionthatsodiumhydroxide is4.5mol/L,the crystallizationtimeis12hand the 
crystallizationtemperature is100ć. 
(2) The resultis that adsorption rate is more than 99%when the dosage is increased to 2g/L. In contrast, the 
adsorption rate of Pb2+ is only 50% under this dosage level.Syntheticsodalite has a very significant adsorption 
capacity of Pb2+ and effective removal of Pb2+ can be carried out at a very low dosage. 
(3) When theadsorptiontimeof 10min is reached, the adsorption of Pb2+ can be accomplished more than 90%.The 
initial concentration has a great influence on the adsorption properties.In general, the effect of temperature, pH 
and ionic strength on the adsorption capacity isnot significant. 
(4) The maximum adsorption capacity of syntheticsodalite by Langmuir model was 157.2mg/g.The adsorption 
process and adsorption capacity can be described by the model parameters of 1/n and Kf. 
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